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(57) ABSTRACT

A method of manufacture of an integrated circuit packaging
system 1ncludes: providing a package substrate, having a
component side and a system side; mounting a first integrated
circuit die on the component side of the package substrate;
mounting a second ntegrated circuit die on the component
side of the package substrate; mounting an internal package,
having an internal die, over the first integrated circuit die;
coupling chip interconnects between the first integrated cir-
cuit die, the second integrated circuit die, the internal die, the
component side, or a combination thereof, and forming a
stacked package body by encapsulating the component side,
the first integrated circuit die, the second integrated circuit
die, the internal package, and the chip interconnects.

16 Claims, 5 Drawing Sheets

gp2 191

128 | 202

120 ‘
‘
._ —— Y
"-JJ_:—-‘iF e ] e | s
9 J U U
110 402

122

_
s | g | b
< U

ﬁ\‘
e A
OIIVE®

102
404

120

110



U.S. Patent Aug. 26, 2014 Sheet 1 of 5 US 8,816,487 B2

100"~\\\

132 131
1206
154 30 128
f /1 ]
o Tl B | e iE!EH!EﬂﬁEﬂ!EI__I:
f 1%
!!l.llhlll“ﬂ!.!__!'!PH!!EE!!EE&,]I 104
I | s | e | gt [ gt | e [ Sy [ st e s | sngys sy
) U D.....‘.. 109
110 108 106
116 122 118
FIG. 1

200""------.\\‘t

o 116
130 128 126

A A A
= 'i-I'lE[i-_"EI'I- ey

114 ll_!!Jj!ihclum-unl-mmnnun-
i:jrii;.__I‘ -1r--=
ﬂ......... 00
110
122
FIG. 2
300'ﬁa\¥l
302 202 120
104
.ﬂ... . 07
114 110
122



U.S. Patent Aug. 26, 2014 Sheet 2 of 5 US 8,816,487 B2

400 ’\

134 122 402
124 126

110 18 404 116

500'“w\x\

. 116
302 130 128 /149

120 1ii[h |.||

114 ...!__!‘ 'l-.--l-ll..
= [y s | g i | s [ s [ e :I':l-’_'lii-f-
W/ U A ULV O 0O OV U

122
FIG. 5

102

600 -\

124

—--ﬂ%I‘—EE-
120 | :ﬁ.-=—_—!“.‘ v y

=~
7 \VZ

C
b i I 2.\ U
e [y | sy | s | oy ot -‘EEJ-T'.L—L: ey | il [

v/ U U U/ U @ @
110 404 116

102




U.S. Patent Aug. 26, 2014 Sheet 3 of 5 US 8,816,487 B2

700 \

116
132

130 128 / 402

_——-_—
== -i-I'lF_[EEl - -
114 ill

EL-
.

"—"f'_ I I L T

ﬂ......... 00
110 o 404
126
FIG. 7
800-\
132
302 130 128 202
I-T-‘Ti-I-t—jEEI-‘ -“_ 112
120
A
114 . _"‘
"E‘Eﬁ.‘ ﬁ*‘?i-?-‘- | S [ [ e o [ = oy [ ="
n.......n. 02
110 402 o 404 116
126
FIG. 8
900\
18 902 131
128 | 202
"1_......'
=5 =TT
120
14 !'._-.__JH.. = ﬁ\
I T e o | gt T e e e i
n.......w. 102
110 402 2 404 116
126

FIG. 9



U.S. Patent Aug. 26, 2014 Sheet 4 of 5 US 8,816,487 B2

100‘\

106
110

000DO00000O0
0000000000
0000000000
0000000000

-l oocoococooco00ot

¥ 0000000000 7
O000000000 | |
0000000000
0000000000
0D000000000

1002

FIG. 10



U.S. Patent Aug. 26, 2014 Sheet 5 of 5 US 8,816,487 B2

1104



US 8,816,487 B2

1

INTEGRATED CIRCUIT PACKAGING
SYSTEM WITH PACKAGE-IN-PACKAGE AND
METHOD OF MANUFACTURE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/037,702 filed Mar. 18, 2008,

and the subject matter thereof 1s incorporated herein by ret-
erence thereto.

TECHNICAL FIELD

The present mvention relates generally to an integrated
circuit packaging system and more particularly to a system
tor stacked devices.

BACKGROUND ART

The integrated circuit package 1s the building block used in
a high performance electronic system to provide applications
for usage 1n products such as smart phones, pocket personal
computers, intelligent portable military devices, aeronautical
spacecralt payloads, and a vast line of other similar products
that require small compact electronics supporting many com-
plex functions.

The integrated circuit, such as a chip or die, contains cir-
cuitry that1s designed to perform various functions in the high
performance electronic system. Products having small
dimensional requirements and many complex tunctions rely
on limited size, limited quantity, and high input output (10)
connectivity integrated circuit packages.

The integrated circuit package can consist of a package
base or package substrate providing a mounting structure on
which at least one chip or die 1s attached and an enclosure
such as an epoxy applied on it to protect 1ts contents.

The other side of the chip or die, referred to as an active
surface of the chip or die, has electrically conductive areas
that provide for electrical connections to 1ts circuitry. Con-
nectors, consisting of electrically conductive matenal, attach
to the conductive areas to provide electrical connection
between the circuitry of the chip or die and other circuitry not
of the same chip or die.

The other circuitry can be from several possible sources.
One possible source can be circuitry resident within the inte-
grated circuit package, such as from another chip, indicative
of a multiple chip integrated circuit package. Another pos-
sible source can be of circuitry residing outside the integrated
circuit package such as from a printed circuit board within the
clectronic system.

Yet another possible source can be circuitry from one or
more separate integrated circuit packages having one or more
chips or dice within 1t. The separate integrated circuit pack-
ages can be connected with the conductors and enclosed
together resulting 1n a single sealed package structure, or can
be externally connected onto the single sealed package struc-
ture.

Integrated circuit packages with small footprints and high
internal 10 connectivity are sought after for products with
small printed circuit board systems. Global market demands
also require solutions that provide lower costs and higher
reliability through simplified manufacturing processing and
carly testing of circuitry for known good die (KGD) during
fabrication which result 1n higher yield and improved cir-
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cuitry reliability. Also, the leverage and flexibility provided
by replacing package components as needed contribute to
market leadership.

Flipchip {fabrication technology 1s becoming more
advanced as more chips or die are integrated into a single
package. Similarly, package assembly should have more
advanced designs for simple package applications with more
functional chips 1n combination. However, due to the diffi-
culty of tlipchip fabrications, generally only single tlipchip
applications have been produced 1n high volume manufactur-
ing production.

Attempts have failed to provide a complete solution
addressing simplified manufacturing processing, smaller
dimensions, lower costs due to design flexibility, reduced
package counts, increased functionality, leveragability, and
increased 10 connectivity capabilities.

In view of the ever-increasing commercial competitive
pressures, along with growing consumer expectations and the
diminishing opportunities for meaningiul product differen-
tiation 1n the marketplace, 1t 1s critical that answers be found
for these problems.

Solutions to these problems have been long sought but
prior developments have not taught or suggested any solu-

tions and, thus, solutions to these problems have long eluded
those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method of manufacture of
an 1ntegrated circuit packaging system that includes: provid-
ing a package substrate, having a component side and a sys-
tem side; mounting a first integrated circuit die on the com-
ponent side of the package substrate; mounting a second
integrated circuit die on the component side of the package
substrate; mounting an internal package, having an internal
die, over the first integrated circuit die; coupling chip inter-
connects between the first integrated circuit die, the second
integrated circuit die, the internal die, the component side, or
a combination thereot, and forming a stacked package body
by encapsulating the component side, the first integrated cir-
cuit die, the second integrated circuit die, the internal pack-
age, and the chip interconnects.

The present invention provides an 1ntegrated circuit pack-
aging system including: a package substrate, having a com-
ponent side and a system side; a first integrated circuit die
mounted on the component side of the package substrate; a
second integrated circuit die mounted on the component side
of the package substrate; an internal package, having an inter-
nal die, mounted over the first integrated circuit die; chip
interconnects between the first integrated circuit die, the sec-
ond integrated circuit die, the internal die, the component
side, or a combination thereof, and a stacked package body
formed by encapsulant on the component side, the first inte-
grated circuit die, the second 1ntegrated circuit die, the inter-
nal package, and the chip interconnects.

Certain embodiments of the invention have other steps or
clements 1n addition to or 1n place of those mentioned above.
The steps or element will become apparent to those skilled 1n
the art from a reading of the following detailed description
when taken with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of an integrated circuit
packaging system 1n a first embodiment of the present inven-
tion.
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FIG. 2 1s a cross-sectional view of an integrated circuit
packaging system 1n a second embodiment of the present

invention.

FIG. 3 1s a cross-sectional view of an integrated circuit
packaging system 1n a third embodiment of the present inven-
tion.

FIG. 4 1s a cross-sectional view of an itegrated circuit
packaging system in a fourth embodiment of the present
ivention.

FIG. 5 1s a cross-sectional view of an integrated circuit
packaging system in a {ifth embodiment of the present inven-
tion.

FIG. 6 1s a cross-sectional view of an integrated circuit
packaging system 1n a sixth embodiment of the present inven-
tion.

FIG. 7 1s a cross-sectional view of an integrated circuit
packaging system 1n a seventh embodiment of the present
invention.

FIG. 8 1s a cross-sectional view of an integrated circuit
packaging system 1n an eighth embodiment of the present
invention.

FIG. 9 1s a cross-sectional view of an itegrated circuit
packaging system 1n a ninth embodiment of the present inven-
tion.

FIG. 101s a bottom view of the integrated circuit packaging,
system.

FIG. 11 1s a tlow chart of a method of manufacture of an
integrated circuit packaging system 1n a further embodiment
of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The following embodiments are described in suificient
detail to enable those skilled 1n the art to make and use the
invention. It 1s to be understood that other embodiments
would be evident based on the present disclosure, and that
system, process, or mechanical changes may be made without
departing from the scope of the present invention.

In the following description, numerous specific details are
given to provide a thorough understanding of the invention.
However, 1t will be apparent that the invention may be prac-
ticed without these specific details. In order to avoid obscur-
ing the present invention, some well-known circuits, system
configurations, and process steps are not disclosed 1n detail.

The drawings showing embodiments of the system are
semi-diagrammatic and not to scale and, particularly, some of
the dimensions are for the clarity of presentation and are
shown exaggerated 1n the drawing FIGS. Similarly, although
the views 1n the drawings for ease of description generally
show similar orientations, this depiction in the FIGS. 1s arbi-
trary for the most part. Generally, the invention can be oper-
ated 1n any orientation.

Where multiple embodiments are disclosed and described,
having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, stmilar
and like features one to another will ordinarily be described
with similar reference numerals. The embodiments have been
numbered first embodiment, second embodiment, etc. as a
matter of descriptive convenience and are not mtended to
have any other significance or provide limitations for the
present invention.

For expository purposes, the term “horizontal” as used
herein 1s defined as a plane parallel to the plane or surface of
the package substrate, regardless of 1ts orientation. The term
“vertical” refers to a direction perpendicular to the horizontal
as just defined. Terms, such as “above”, “below”, “bottom”,
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“top”, “side” (as 1n “sidewall”), “higher”, “lower”, “upper”,
“over”, and “under”, are defined with respect to the horizontal
plane, as shown 1n the figures. The term “on” means that there
1s direct contact among elements.

The term “processing” as used herein includes deposition
of material or photoresist, patterning, exposure, develop-
ment, etching, cleaming, and/or removal of the material or
photoresist as required 1n forming a described structure.

Referring now to FIG. 1, therein 1s shown a cross-sectional
view ol an integrated circuit packaging system 100 1n a first
embodiment of the present invention. The cross-sectional of
the integrated circuit packaging system 100 depicts a package
substrate 102 having a component side 104 and a system side
106. System contacts 108 on the system side 106 may have
system interconnects 110, such as solder balls, solder bumps,
solder columns, or stud bumps, provided for attaching to the
next level system (not shown).

A firstintegrated circuit die 112, such as a flip chip die, may
be coupled to component contacts 114, onthe component side
104 of the package substrate 102, by chip interconnects 116.
The chip mterconnects 116 may include bond wires, solder
balls, solder bumps, solder columns, or stud bumps. A sealant
118, such as an underfill material, may be injected around the
chip interconnects 116 and between the component side 104
and the first integrated circuit die 112.

A second integrated circuit die 120, such as a tlip chip die,
may be coupled to the component contacts 114, on the com-
ponent side 104 of the package substrate 102, by the chip
interconnects 116. The second integrated circuit die 120 may
be positioned horizontally adjacent to and spaced from the
first integrated circuit die 112 to form a gap 122 between the
first integrated circuit die 112 and the second integrated cir-
cuit die 120. The second integrated circuit die 120 can elec-
trically connect to the package substrate 102 with a bond wire
located on a side of the second integrated circuit die 120
facing away from the first integrated circuit die 112. The
sealant 118 may be injected around the chip interconnects
116 and between the component side 104 and the second
integrated circuit die 120.

An internal package 124, such as a quad flatpack-no lead
(QFN) or a ball grnid array (BGA) package, may be mounted
on the first integrated circuit die 112 and the second integrated
circuit die 120 1n an inverted position. An adhesive 126 may
be applied between the internal package 124, the first inte-
grated circuit die 112 and the second integrated circuit die
120.

The internal package 124 may have one or more of an
internal die 128 electrically connected to an internal package
substrate 130, providing internal package contacts 131, and
encapsulated by an internal package body 132, such as
formed from an epoxy molding compound. The internal
package contacts 131 are on a side of the internal package 124
opposite of the first integrated circuit die 112. Further, the
internal package contacts 131 can be on the side of the inter-
nal package 124 exposed from the internal package body 132.
While the internal package 124 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The internal package substrate 130 may be electrically
connected to the component side 104 of the package substrate
102, by the chip interconnects 116. This configuration allows
a signal connection to be formed between the system 1nter-
connects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the internal die 128, or a combina-
tion thereof.

A stacked package body 134 may be formed by molding
the epoxy molding compound fully encapsulating the com-
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ponent side 104 of the package substrate 102, the first inte-
grated circuit die 112, the second integrated circuit die 120,
the internal package 124, the chip interconnects 116, the
sealant 118, the adhesive 126, and through the gap 122. Fur-
ther, the stacked package body 134 can fully encapsulate the
internal package contacts 131. The stacked package body
134, while possibly formed of the same material as the inter-
nal package body 132, remains identifiably different from the
internal package body 132 because their boundary can be
identified 1n cross-section.

It has been discovered that the configuration of the inte-
grated circuit packaging system 100 may provide an
extremely low profile package while supplying high tunc-
tional density. This invention simplifies the design of the next
level system by combining functions and reducing the num-
ber of interconnects required on the system printed circuit
board (not shown). Thus, it has been discovered that the
integrated circuit packaging method and device of the present
invention furnishes important and heretofore unknown and
unavailable solutions, capabilities, and functional aspects for
manufacturing high density and low profile package-in-pack-
age devices.

Referring now to FI1G. 2, therein 1s shown a cross-sectional
view of an integrated circuit packaging system 200 in a sec-
ond embodiment of the present invention. The cross-sectional
view ol the mtegrated circuit packaging system 200 depicts
the package substrate 102 having the first integrated circuit
die 112 and the second mtegrated circuit die 120 mounted to
the component side 104 and separated by the gap 122. An
internal package 202 may be mounted over the first integrated
circuit die 112 and held 1n position by the adhesive 126.

The internal package 202 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 202 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The internal package 202 may be coupled to the compo-
nent side 104 of the package substrate 102 by the chip inter-
connects 116, such as bond wires. This configuration allows
a signal connection to be formed between the system inter-
connects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the internal die 128, or the combi-
nation thereof.

The stacked package body 134 may be formed by molding
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal paekage
202, the chip interconnects 116, the sealant 118, the adhesive
126, and through the gap 122. The stacked package body 134,
while possibly formed of the same material as the internal
package body 132, remains identifiably different from the
internal package body 132 because their boundary can be
identified 1n cross-section.

Referring now to FIG. 3, therein 1s shown a cross-sectional
view ol an integrated circuit packaging system 300 in a third
embodiment of the present invention. The cross-sectional
view of the integrated circuit packaging system 300 depicts
the package substrate 102 having the first integrated circuit
die 112 and the second mtegrated circuit die 120 mounted to
the component side 104 and separated by the gap 122. The
internal package 202 may be mounted over the first integrated
circuit die 112 and held in position by the adhesive 126. A
third integrated circuit die 302, such as a wire bond die, may
be mounted over the second integrated circuit die 120 by the
adhesive 126. The chip interconnect 116 may couple the third
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integrated circuit die 302 to the component contacts 114, on
the component side 104 of the package substrate 102.

The internal package 202 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 124 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The mternal package 202 may be coupled to the compo-
nent side 104 of the package substrate 102 by the chip inter-
connect 116, such as a bond wire. This configuration allows a
signal connection to be formed between the system 1ntercon-
nects 110, the first itegrated circuit die 112, the second
integrated circuit die 120, the third integrated circuit die 302,
the internal die 128, or a combination thereof.

The stacked package body 134 may be formed by molding
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal package
202, the chip interconnects 116, the Sealant 118, the adhesive
126, and through the gap 122.

Referring now to FIG. 4, therein 1s shown a cross-sectional
view of an integrated circuit packaging system 400 1n a fourth
embodiment of the present mvention. The cross-sectional
view of the integrated circuit packaging system 400 depicts
the package substrate 102 having the first integrated circuit
die 112, such as a wire bond die, and the second integrated
circuit die 120 mounted to the component side 104 and sepa-
rated by the gap 122. The first integrated circuit die 112 may
be coupled to the component contacts 114 by the chip inter-
connects 116.

The first integrated circuit die 112 may be mounted on the
component side 104 by the adhesive 126. The internal pack-
age 124 may be mounted over the first integrated circuit die
112, held in position by a wire 1n film adhesive 402 on the first
integrated circuit die 112, and the second integrated circuit
die 120, held in position by the adhesive 126.

A gap contact 404 may be coupled to the first integrated
circuit die 112 by the chip interconnect 116. By coupling the
first mtegrated circuit die 112 to the gap contact 404 an
increased number of mput/output interconnects 1s possible.
This will turther simplify the design of the system level
substrate (not shown) by reducing the number of interconnect
traces required 1n the system level substrate.

The internal package 124 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 124 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The mternal package 124 may be coupled to the compo-
nent side 104 of the package substrate 102 by the chip inter-
connect 116, such as a bond wire. This configuration allows a
signal connection to be formed between the system 1ntercon-
nects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the internal die 128, or the combi-
nation thereof.

The stacked package body 134 may be formed by molding
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal paekage
124, the eth interconnects 116, the sealant 118, the adhesive
126, the wire 1n film adhesive 402, and through the gap 122.
The stacked package body 134, while possibly formed of the
same material as the internal package body 132, remains
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identifiably different from the internal package body 132
because their boundary can be 1dentified 1n cross-section.

Referring now to FI1G. 5, therein 1s shown a cross-sectional
view of an integrated circuit packaging system 500 1n a fifth
embodiment of the present invention. The cross-sectional
view of the integrated circuit packaging system 300 depicts
the package substrate 102 having the first integrated circuit
die 112 and the second integrated circuit die 120, such as a
wire bond die, mounted to the component side 104 and sepa-
rated by the gap 122. The internal package 202 may be
mounted over the first integrated circuit die 112 and held in
position by the adhesive 126.

The internal package 202 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 202 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The third integrated circuit die 302, such as a wire bond die,
may be mounted over the second integrated circuit die 120 by
the wire 1n film adhesive 402. The third integrated circuit die
302 can be the same size as the second 1ntegrated circuit die
120. The chip mterconnects 116 may couple the third inte-
grated circuit die 302 to the component contacts 114, the
internal package 202, the gap contact 404, or a combination
thereof.

The internal package 202 may be coupled to the compo-
nent side 104 of the package substrate 102 by the chip inter-
connects 116, such as bond wires. This configuration allows
a signal connection to be formed between the system inter-
connects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the third integrated circuit die 302,
the internal die 128, or the combination thereof.

The stacked package body 134 may be formed by molding
e epoxy molding compound on the component side 104 of
e package substrate 102, the first integrated circuit die 112,
he second integrated circuit die 120, the internal package
202, the chip interconnects 116, the sealant 118, the wire 1n
f1lm adhesive 402, the adhesive 126, and through the gap 122.
The stacked package body 134, while possibly formed of the
same material as the internal package body 132, remains
identifiably different from the internal package body 132
because their boundary can be 1dentified 1n cross-section.

Referring now to FIG. 6, therein 1s shown a cross-sectional
view ol an itegrated circuit packaging system 600 1n a sixth
embodiment of the present mvention. The cross-sectional
view of the integrated circuit packaging system 600 depicts
the package substrate 102 having the first integrated circuit
die 112, such as a wire bond die, and the second integrated
circuit die 120 mounted to the component side 104 and sepa-
rated by the gap 122. The first integrated circuit die 112 may
be coupled to the component contacts 114 by the chip inter-
connects 116. The gap contacts 404 1n the gap 122 may be
coupled to the first integrated circuit die 112, the second
integrated circuit die 120, or a combination thereof.

The first integrated circuit die 112 may be mounted on the
component side 104 by the adhesive 126. The internal pack-
age 124 may be mounted over the first integrated circuit die
112 and the second integrated circuit die 120, held in position
by the wire 1n film adhesive 402.

The internal package 124 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
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While the internal package 124 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The internal package 124 may be coupled to the compo-
nent side 104 of the package substrate 102 by the chip inter-
connect 116, such as a bond wire. This configuration allows a
signal connection to be formed between the system intercon-
nects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the internal die 128, or the combi-
nation thereof.

The stacked package body 134 may be formed by molding,
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal package
124, the chip interconnects 116, the wire 1n film adhesive 402,
the adheswe 126, and through the gap 122. The stacked pack-
age body 134, while possibly formed of the same material as
the mternal package body 132, remains 1dentifiably different
from the internal package body 132 because their boundary
can be 1dentified 1n cross-section.

Referring now to FI1G. 7, therein 1s shown a cross-sectional
view ol an integrated circuit packaging system 700 1n a sev-
enth embodiment of the present invention. The cross-sec-
tional view of the integrated circuit packaging system 700
depicts the package substrate 102 having the first integrated
circuit die 112 and the second integrated circuit die 120
mounted to the component side 104 and separated by the gap
122. The internal package 202 may be mounted over the first
integrated circuit die 112 and held i position by the wire 1n
{1lm adhesive 402.

The internal package 202 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 202 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The mternal package 202 may be coupled to the compo-
nent contacts 114, the second integrated circuit die 120, the
gap contacts 404, or a combination thereof by the chip inter-
connects 116, such as bond wires. The chip interconnects 116
are directly connected to the internal package 202 and the
second integrated circuit die 120. The chip interconnects 116
are also directly connected to the internal package 202 and the
package substrate 102. This configuration allows a signal
connection to be formed between the system interconnects
110, the first integrated circuit die 112, the second integrated
circuit die 120, the internal die 128, or the combination
thereof.

The stacked package body 134 may be formed by molding,
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the mnternal package
202, the chip interconnects 116, the wire 1n film adhesive 402,
the adhesive 126, and through the gap 122. The stacked pack-
age body 134, while possibly formed of the same material as
the internal package body 132, remains 1dentifiably different
from the 1nternal package body 132 because their boundary
can be 1dentified 1n cross-section.

Referring now to FIG. 8, therein 1s shown a cross-sectional
view ol an integrated circuit packaging system 800 in an
cighth embodiment of the present invention. The cross-sec-
tional view of the integrated circuit packaging system 800
depicts the package substrate 102 having the first integrated
circuit die 112 and the second integrated circuit die 120, such
as wire bond die, mounted to the component side 104, by the
adhesive 126, and separated by the gap 122. The internal
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package 202 may be mounted over the first integrated circuit
die 112 and held 1n position by the wire in film adhesive 402.

The internal package 202 may have one or more of the
internal die 128 electrically connected to the internal package
substrate 130 and encapsulated by the internal package body
132, such as formed from an epoxy molding compound.
While the internal package 202 1s shown with a single wire
bond type of integrated circuit, this 1s an example only and
other configurations are possible.

The third integrated circuit die 302, such as a wire bond die,
may be mounted over the second integrated circuit die 120 by
the wire 1n film adhesive 402. The chip interconnects 116 may
couple the third mtegrated circuit die 302 to the component
contacts 114, the internal package 202, the gap contact 404, or
a combination thereof.

The internal package 202 may be coupled to the compo-
nent contacts 114, the gap contacts 404, the third integrated
circuit die 302, or a combination thereof by the chip intercon-
nects 116, such as bond wires. This configuration allows a
signal connection to be formed between the system intercon-
nects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the third integrated circuit die 302,
the internal die 128, or the combination thereof.

The stacked package body 134 may be formed by molding
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal package
202, the chip interconnects 116, the wire in film adhesive 402,
the adhesive 126, and through the gap 122. The stacked pack-
age body 134, While possibly formed of the same material as
the internal package body 132, remains 1dentifiably different
from the internal package body 132 because their boundary
can be identified 1n cross-section.

Referring now to FI1G. 9, therein 1s shown a cross-sectional
view of an mtegrated circuit packaging system 900 1n a ninth
embodiment of the present invention. The a cross-sectional
view of the integrated circuit packaging system 900 depicts
the package substrate 102 having the first integrated circuit
die 112 and the second integrated circuit die 120, such as wire
bond die, mounted to the component side 104, by the adhesive
126, and separated by the gap 122.

The internal package 202 may be mounted over the first
integrated circuit die 112 and held in position by the wire 1n
f1lm adhesive 402. A fourth integrated circuit die 902, such as
a tlip chip die, may be mounted on the internal package
contacts 131 of the internal package substrate 130 by the chip
interconnects 116, such as solder balls.

The third integrated circuit die 302, such as a wire bond die,
may be mounted over the second integrated circuit die 120 by
the wire 1n film adhesive 402. The chip interconnects 116 may
couple the third integrated circuit die 302 to the component
contacts 114, the internal package 202, the gap contact 404, or
a combination thereof.

The internal package 202 may be coupled to the compo-
nent contacts 114, the gap contacts 404, the third integrated
circuit die 302, or a combination thereof by the chip intercon-
nects 116, such as bond wires. This configuration allows a
signal connection to be formed between the system 1ntercon-
nects 110, the first integrated circuit die 112, the second
integrated circuit die 120, the third integrated circuit die 302,
the fourth integrated circuit die 902, the internal die 128, or
the combination thereof.

The stacked package body 134 may be formed by molding
the epoxy molding compound on the component side 104 of
the package substrate 102, the first integrated circuit die 112,
the second integrated circuit die 120, the internal package
202, the third integrated circuit die 302, the fourth integrated
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circuit die 902, the chip mterconnects 116, the sealant 118,
the adhesive 126, and through the gap 122. The stacked pack-
age body 134, while possibly formed of the same matenal as
the internal package body 132, remains 1dentifiably different
from the internal package body 132 because their boundary
can be 1dentified 1n cross-section.

Referring now to FIG. 10, therein 1s shown a bottom view
of the integrated circuit packaging system 100. The bottom
view of the integrated circuit packaging system 100 depicts
an array 1002 of the system interconnects 110 on the system
s1de 106. The section line 1-1 shows the position and direction
of view for FIG. 1. This 1s also substantially the same cross-
section as shown in FIGS. 2-9.

Referring now to FIG. 11, therein 1s shown a flow chart of

a method 1100 of manufacture of an integrated circuit pack-
aging system 100 1n a further embodiment of the present
ivention. The method 1100 includes: providing a package
substrate, having a component side and a system side 1n a
block 1102; mounting a first integrated circuit die on the
component side of the package substrate in a block 1104;
mounting a second integrated circuit die on the component
side of the package substrate 1n a block 1106; mounting an
internal package, having an internal die, over the {first inte-
grated circuit die; coupling chip interconnects between the
first integrated circuit die, the second integrated circuit die,
the internal die, the component side, or a combination thereof
in a block 1108; and forming a stacked package body by
encapsulating the component side, the first integrated circuit
die, the second integrated circuit die, the internal package,
and the chip interconnects 1n a block 1110.
The resulting method, process, apparatus, device, product,
and/or system 1s straightforward, cost-efiective, uncompli-
cated, highly versatile and effective, can be surprisingly and
unobviously implemented by adapting known technologies,
and are thus readily suited for efficiently and economically
manufacturing package-in-package systems fully compatible
with conventional manufacturing methods or processes and
technologies.

Another important aspect of the present invention is that 1t
valuably supports and services the historical trend of reducing
costs, simplifying systems, and increasing performance.

These and other valuable aspects of the present invention
consequently further the state of the technology to at least the
next level.

While the invention has been described 1n conjunction with
a specific best mode, it 1s to be understood that many alterna-
tives, modifications, and variations will be apparent to those
skilled 1n the art in light of the aforegoing description.
Accordingly, 1t 1s intended to embrace all such alternatives,
modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or
shown 1n the accompanying drawings are to be interpreted 1n
an 1llustrative and non-limiting sense.

What 1s claimed 1s:
1. A method of manufacture of an integrated circuit pack-
aging system comprising;:

providing a package substrate, having a component side
and a system side;

mounting an integrated circuit die on the component side of
the package substrate;

mounting a yet another itegrated circuit die on the pack-
age substrate, the yet another integrated circuit die hav-
ing the same size as the another mtegrated circuit die;

mounting an another integrated circuit die on the compo-
nent side of the package substrate over the yet another
integrated circuit die;
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mounting an internal package with a wire 1n film adhesive
over the mtegrated circuit die horizontally adjacent the
another integrated circuit die, the internal package hav-
ing an internal die, an internal package body, an internal
package substrate having internal package contacts, and
a fTurther mtegrated circuit die on the internal package
contacts, the internal package substrate coupled to the
integrated circuit die, the another integrated circuit die,
the further integrated circuit die, the internal die, the
component side, or a combination thereof;

coupling a chip interconnect directly connected to the

another 1integrated circuit die and the internal package;
coupling another chip interconnect directly connected to
the internal package and the package substrate; and
forming a stacked package body by tully encapsulating the
component side, the integrated circuit die, the another
integrated circuit die, the internal package, the chip
interconnect, and the internal package contacts.

2. The method as claimed 1n claim 1 wherein mounting the
internal package includes:

tabricating the internal package substrate for mounting the

internal die; and

molding the internal package body on the internal die and

the internal package substrate.
3. The method as claimed 1n claim 1 further comprising
forming a gap, on the component side, by mounting the
another integrated circuit die spaced away from the integrated
circuit die.
4. The method as claimed 1n claim 1 wherein:
mounting the internal package includes mounting the fur-
ther integrated circuit die to the package substrate; and

mounting the another integrated circuit die includes
mounting the another integrated circuit die over the fur-
ther integrated circuit die.

5. A method of manufacture of an mtegrated circuit pack-
aging system comprising:

providing a package substrate, having a component side

with component contacts and a system side with system
contacts;

forming system interconnects on the system contacts

including forming a signal connection between the sys-
tem 1nterconnects and the component contacts on the
component side;

mounting an integrated circuit die on the component side of

the package substrate including applying an adhesive or
a sealant between the component side and the integrated
circuit die;
mounting a yet another integrated circuit die on the pack-
age substrate, the yet another integrated circuit die hav-
ing the same size as the another integrated circuit die;

mounting an another integrated circuit die on the compo-
nent side of the package substrate over the yet another
integrated circuit die;

mounting an internal package with a wire 1n film adhesive

over the integrated circuit die horizontally adjacent the
another integrated circuit die, the internal package hav-
ing an iternal die, an internal package body, an internal
package substrate having internal package contacts, and
a further mtegrated circuit die on the internal package
contacts, the internal package substrate coupled to the
integrated circuit die, the another integrated circuit die,
the further integrated circuit die, the internal die, the
component side, or a combination thereof, the internal
package contacts on a side of the internal package
exposed from the internal package body and opposite of
the 1ntegrated circuit die including applying a wire in
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f1lm adhesive or the adhesive between the internal pack-
age and the integrated circuit die;

coupling a chip interconnect directly connected to the
another integrated circuit die and the internal package;

coupling another chip interconnect directly connected to
the internal package and the package substrate; and

forming a stacked package body by fully encapsulating the
component side, the integrated circuit die, the another
integrated circuit die, the internal package, the chip
interconnects and the internal package contacts.

6. The method as claimed 1n claim 5 wherein mounting the

internal package includes:

tabricating the internal package substrate for mounting the
internal die including forming the internal package con-
tacts through the internal package substrate; and

molding the internal package body on the internal die and
the internal package substrate.

7. The method as claimed 1n claim 3 further comprising
forming a gap, on the component side, by mounting the
another integrated circuit die spaced away from the integrated
circuit die and forming a gap contact 1n the gap.

8. The method as claimed 1n claim 5 wherein:

mounting the internal package includes mounting the fur-
ther integrated circuit die to the package substrate; and

the another integrated circuit die 1s a wire bond die coupled
to the component contacts, the internal package, the
integrated circuit die, the further integrated circuit die, or
a combination thereof.

9. An mtegrated circuit packaging system comprising:

a package substrate, having a component side and a system
side;

an mtegrated circuit die mounted on the component side of
the package substrate;

an another integrated circuit die mounted over the compo-
nent side of the package substrate;

a yet another integrated circuit die under the another inte-
grated circuit die, the yet another integrated circuit die
having the same size as the another integrated circuit die;

a wire 1n {ilm adhesive on the mtegrated circuit die;

an internal package mounted with the wire 1n film adhesive
over the integrated circuit die horizontally adjacent the
another integrated circuit die, the internal package hav-
ing an internal die, an internal package body, an internal
package substrate having internal package contacts, and
a Turther mtegrated circuit die on the internal package
contacts, the internal package substrate coupled to the
integrated circuit die, the another integrated circuit die,
the further integrated circuit die, the internal die, the
component side, or a combination thereof;

a chip mterconnect directly connected to the another inte-
grated circuit die and the internal package;

another chip interconnect directly connected to the internal
package and the package substrate; and

a stacked package body fully encapsulating the component
side, the integrated circuit die, the another integrated
circuit die, the iternal package, the chip interconnect,
and the internal package contacts.

10. The system as claimed 1n claim 9 wherein the internal

package mounted includes:

the internal package body molded on the internal die and
the internal package substrate.

11. The system as claimed 1n claim 9 wherein:

the integrated circuit die 1s on the component side; and

the another integrated circuit die 1s positioned with a gap
therebetween.
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12. The system as claimed 1n claim 9 wherein:
the further integrated circuit die 1s mounted to the package
substrate; and
the another integrated circuit die 1s over the further inte-
grated circuit die. 5
13. The system as claimed 1n claim 9 wherein:
the package substrate includes component contacts on the
component side and system contacts on the system side;
and
turther comprising: 10
system 1nterconnects on the system contacts coupled to the
component contacts; and
an adhesive or a sealant between the integrated circuit die
and the component side.
14. The system as claimed 1n claim 13 wherein the internal 15
package mounted 1ncludes:
the internal package contacts through the internal package
substrate; and
the internal package body molded on the internal die and
the internal package substrate. 20
15. The system as claimed 1n claim 13 wherein the nte-
grated circuit die, on the component side, and the another
integrated circuit die are positioned with a gap therebetween
includes a gap contact 1n the gap.
16. The system as claimed 1n claim 13 wherein: 25
the another integrated circuit die 1s a wire bond die coupled
to the component contacts, the internal package, the
integrated circuit die, the further integrated circuit die, or
a combination thereof.
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